Ombitasvir, Paritaprevir, Ritonavir, and Dasabuvir Mini-Tabs Plus Ribavirin for Children Aged 3–11 Years with Hepatitis C Genotype 1a by Rosenthal, Philip et al.
ORIGINAL RESEARCH
Ombitasvir, Paritaprevir, Ritonavir, and Dasabuvir
Mini-Tabs Plus Ribavirin for Children Aged 3–11 Years
with Hepatitis C Genotype 1a
Philip Rosenthal . Michael R. Narkewicz . Betty B. Yao .
Christopher D. Jolley . Steven J. Lobritto . Jessica Wen .
Jean P. Molleston . Evelyn K. Hsu . Maureen M. Jonas .
Jiuhong Zha . Li Liu . Daniel H. Leung
Received: March 17, 2020 / Published online: May 25, 2020
 The Author(s) 2020
ABSTRACT
Introduction: To assess the safety, efficacy, and
pharmacokinetics of mini-tablet formulations
of ombitasvir (OBV), paritaprevir (PTV), riton-
avir, and dasabuvir (DSV) with or without rib-
avirin for 12 weeks in children infected with
chronic hepatitis C virus (HCV) genotype (GT)
1.
Methods: This is an ongoing, open-label, Phase
2/3 study in children 3–11 years old infected
with HCV GT1 who were HCV treatment-naı̈ve
and non-cirrhotic. Pediatric mini-tablet formu-
lations of OBV, PTV, ritonavir, and DSV plus
ribavirin oral solution were administered for
12 weeks based on body weight. Endpoints
included SVR12, adverse events (AEs), and
pharmacokinetic parameters.
Results: Overall, 26 children received OBV,
PTV, ritonavir, and DSV plus ribavirin; 14 were
3–8 years old and 12 were 9–11 years old; 35%
were male; and all had chronic HCV GT1a
infection. The SVR12 rate was 96% (25/26; 95%
CI 81.1–99.3), with 1 child failing to achieve
SVR12 due to non-adherence and treatment
discontinuation. Treatment-emergent AEs of
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Grade C 3 occurred in 3 children; 2 events in 1
child were considered serious; and none were
considered treatment-related. No AEs led to
discontinuation of study treatment. The most
common AEs were headache (27%), fatigue
(23%), pyrexia (19%), and vomiting (19%).
Pharmacokinetic results showed mini-tablet
formulations of OBV, PTV, DSV, and ritonavir
drug exposures were comparable to the adult
formulation.
Conclusion: The mini-tablet combination of
OBV, PTV, ritonavir, and DSV plus ribavirin to
treat HCV GT1a infection for 12 weeks was
highly effective and suitable in children
3–11 years of age.
Trial Registration: ClinicalTrials.gov identifier,
NCT02486406.
Keywords: Efficacy; Hepatology; Interferon-
free DAA regimens; Pediatrics;
Pharmacokinetics; Safety
Key Summary Points
Why carry out this study?
The efficacy and safety of regimens
approved for treating chronic hepatitis C
virus (HCV) infection in adults remain to
be studied in children (3–11 years) with
HCV infection.
Guidelines recommend treatment with
available direct-acting antiviral (DAA)
regimens where available or deferring
treatment until alternative interferon-free
regimens are available for this age group.
What was learned from the study?
We report the safety, efficacy, and
pharmacokinetics of a pediatric ‘mini-
tablet’ formulation of the drug
combination ombitasvir, paritaprevir,
ritonavir, and dasabuvir with ribavirin in
children 3–11 years of age with HCV GT1a
infection.
The safety profile was similar to that seen
in adults and adolescents treated with the
adult formulation, supporting the use of
DAAs in children.
INTRODUCTION
The clinical course of hepatitis C virus (HCV)
infection in children differs from that acquired
during later life [1]. Perinatal transmission is the
primary route of infection, with approximately
5% of chronically infected mothers transmit-
ting HCV to their children [1, 2]. Approximately
20% of children will spontaneously clear the
virus, usually before their fourth year of life [3].
The remaining 80% will develop chronic HCV
infection that persists into adulthood [3], and,
although usually benign [4], complications
associated with HCV-related liver disease are
still a risk for pediatric patients [1]. Although an
estimated 11 million children (\ 15 years) are
HCV antibody-positive worldwide (6 million of
whom are viremic) [5], this may be grossly
underestimated due to the asymptomatic dis-
ease course and inadequate screening programs
[1, 6].
All-oral, interferon (IFN)-free, direct-acting
antiviral (DAA) drugs are the standard of care
for the treatment of adults and adolescents
aged 12–17 years infected with any HCV
genotype (GT). These drugs are consistently
associated with high rates of sustained viro-
logic response (SVR) and are generally well
tolerated [3, 7, 8]. Due to the large variance in
age and weight in a pediatric popula-
tion\ 12 years old, pediatric formulations of
medications may be necessary to meet appro-
priate efficacy and safety parameters [9].
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Recently, 2 IFN-free DAA regimens, sofosbuvir
and ledipasvir/sofosbuvir, have been approved
for treating children aged\12 years [10, 11].
Previously, the only available treatment option
was pegylated IFN (pegIFN) combined with
ribavirin (RBV) [3]. Discontinuation rates are
much lower with IFN-free DAAs than pegIFN-
based regimens, and virologic response, as well
as safety and tolerability, are greatly improved
[3]. As a result, current guidelines recommend
treatment with available DAA regimens for
children aged 3–11 years with chronic HCV or
deferment of treatment until IFN-free regimens
are available [3, 7, 8].
The combination DAA treatment of ombi-
tasvir (OBV) and paritaprevir (PTV) boosted
with the pharmacokinetic enhancer, ritonavir
(r), and co-administered with or without
dasabuvir (DSV) and with or without RBV
(OBV/PTV/r ± DSV ± RBV) is approved for
treating adults infected with HCV GT1 or GT4,
without cirrhosis or with compensated cirrho-
sis [12–14]. OBV/PTV/r ± DSV ± RBV regimens
are associated with high rates of SVR ([90%)
at post-treatment Week 12 (SVR12) when
administered for up to 24 weeks across the
broad range of approved patient populations
[11, 12].
The ZIRCON study (NCT02486406),
designed to evaluate the safety, efficacy, and
pharmacokinetics of OBV, PTV, and ritonavir
with or without DSV and with or without RBV
in children and adolescents infected with HCV
GT1 or GT4, showed them to be well tolerated
and resulted in SVR12 rates of 100% in 38 HCV-
infected adolescents (12–17 years) [15]. Here, we
report on the safety and efficacy in children
aged 3–11 years infected with HCV GT1 who
received pediatric formulations of the study
drugs. The pharmacokinetic results across all
age groups (children and adolescents) are also
reported here.
METHODS
Study Design and Participants
ZIRCON (NCT02486406) is an ongoing, open-
label, multinational study. It was designed to
evaluate the pharmacokinetics, safety, and effi-
cacy of individually formulated OBV, PTV,
ritonavir, DSV mini-tablets with or without RBV
oral solution (pediatric formulation) in children
aged 3–11 years, who were infected with HCV
GT1, treatment-naı̈ve, and without cirrhosis.
The study was designed to allow dose adjust-
ments of OBV, PTV, ritonavir, and DSV to
achieve optimal therapeutic exposure to the
mini-tablet formulations.
The study enrolled chronic HCV-infected
children aged 3–11 years who were treat-
ment–naı̈ve, weighing C 15 kg, with HCV GT1
[positive anti-HCV antibody test and HCV
ribonucleic acid (RNA) concentra-
tion C 1000 IU/mL at screening] without cir-
rhosis in the United States between July 2017
and November 2017. At least 12 children aged
9–11 years (C 4 with a body weight 15–44 kg),
and at least 12 children aged 3–8 years (C 2
children from each of the age groups 3–5 years
and 6–8 years) were planned for enrollment.
Absence of cirrhosis was based on liver biopsy
(Metavir score B 3, Ishak score B 4) or a
FibroScanTM (Echosens, Paris, France) result
of\ 14.6 kPa within the 24 months before
screening. If neither biopsy nor FibroScan
results were available, FibroTestTM (BioPredic-
tive, Paris, France) was performed at screening
and a score of\0.75 confirmed absence of
cirrhosis.
Key exclusion criteria included coinfection
with hepatitis B virus (HBV) or human
immunodeficiency virus (HIV); current or past
clinical evidence of Child–Pugh B or C classifi-
cation (Child–Pugh score C 7) or clinical his-
tory of liver decompensation; hepatocellular
carcinoma; previous or current use of any
investigational or commercially available anti-
HCV drug; history of solid organ transplanta-
tion; or any of the following abnormal labora-
tory results: albumin\ 2.8 g/dL,
hemoglobin\10 g/dL, platelets\25,000 cells/
mm3, or total bilirubin[3.0 mg/dL. Full eligi-
bility criteria are provided in S1.
Eligible children were allocated to receive
12 weeks of treatment with OBV, PTV, ritonavir,
and DSV mini-tablet formulations, adminis-
tered in a dosing vehicle of soft food with or
without RBV solution, depending on the HCV
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GT1 subtype. All HCV GT1a-infected patients
received weight-based RBV; dosing was in
accordance to the US local label. Children aged
9–11 years were enrolled and treated first. Fol-
lowing acceptable efficacy, safety, and pharma-
cokinetic data in at least six children, children
aged 3–8 years were enrolled and treated. All
children received treatment based on body
weight (Table 1).
All participants, irrespective of whether they
prematurely discontinued study treatment,
were followed up for an initial 24-week post-
treatment period. The durability of response,
emergence, and persistence of drug resistance,
and the impact of study treatment on partici-
pants’ growth and development were assessed
until post-treatment Week 144 in those who
completed the post-treatment Week-24 visit.
Children with virologic failure during the
treatment period were discontinued from study
treatment per protocol. Virologic failure was
defined as two consecutive HCV RNA measure-
ments[ 1 log 10 IU/mL above nadir at any time
point or two consecutive HCV RNA measure-
ments C 100 IU/mL at any point after achieving
HCV RNA less than the lower limit of quantifi-
cation (LLOQ).
The study protocol and amendments were
approved by the independent ethics committee
or institutional review board for each study site.
IRB/IEC approval was given to the study proto-
col by: Columbia University Medical Center;
Boston Children’s Hospital; the Committees for
Protection of Human Subjects at the Children’s
Hospital of Philadelphia; the Western Institu-
tional Review Board (WIRB) at the University of
Florida; WIRB at Seattle Children’s Hospital;
WIRB at Baylor College of Medicine; WIRB at
the Children’s Hospital Colorado; the Indiana
University Office of Research Administration,
Human Subjects Office; the Human Research
Protection Program IRB at the University of
California, San Francisco. The study was
designed and conducted in accordance with the
International Conference on Harmonization
Good Clinical Practice guidelines and the ethi-
cal principles of the Declaration of Helsinki.
Parents or legal guardians provided written
informed consent, and participants gave assent,
as appropriate for their age and country. All
authors had access to study data and reviewed
and approved the final manuscript.
Efficacy Assessments
The primary efficacy endpoint was the per-
centage of children who achieved SVR12,
defined as an HCV RNA concentration less than
the LLOQ at post-treatment Week 12. Second-
ary efficacy endpoints were the percentages of
children who achieved SVR12 by age group
(9–11 years and 3–8 years) and by weight range
and the percentages of children with normal-
ization of alanine aminotransferase (ALT) con-
centrations during treatment [ALT B central
laboratory’s upper limit of normal (ULN); 34 U/
L for females and 43 U/L for males] by age and
weight group at the final treatment visit for
children with ALT above ULN at baseline.
Blood samples were collected to determine
HCV RNA concentrations at screening; on
treatment Day 1; during treatment Weeks 2, 4,
8, and 12; and post-treatment Weeks 4, 12, 24,
36, 48, 96, and 144. HCV RNA concentrations
Table 1 Weight-based dosing regimen
Body weight (kg) OBV QD (mg) PTV QD (mg) Ritonavir QD (mg) DSV BID (mg) RBV 40 mg/mL
oral solutiona
15–29 10 50 35 100 GT1a only
30–44 15 100 70 150 GT1a only
C 45 25 150 100 250 GT1a only
BID twice daily, DSV dasabuvir, GT genotype, OBV ombitasvir, PTV paritaprevir, QD once daily, RBV ribavirin
a Weight-based RBV administered via dosing syringe according to the local label in each country
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were determined at a central laboratory (Co-
vance Central Laboratory Services) using the
COBAS AmpliPrep/COBAS TaqMan HCV
Test (Roche, Basel, Switzerland), v2.0 (LLOQ
and lower limit of detection: 15 IU/mL).
Safety Assessments
The following safety evaluations were under-
taken at each visit during the 12-week treat-
ment period: assessment of adverse events (AEs)
and vital signs (up to post-treatment Week 44),
Table 2 Baseline demographics and clinical characteristics (ITT population)
9–11 years of age 3–8 years of age Total
15–44 kga ‡ 45 kg 15–29 kg
n 10 2 14 26
Male 5 (50) 1 (50) 3 (21) 9 (35)
Age, years, median [range] 9.5 [9.0–11.0] 10.5 [10.0–11.0] 4.5 [3.0–8.0] 7.5 [3.0–11.0]
Race
White 8 (80) 2 (100) 10 (71) 20 (77)
Black or African American 0 0 4 (29) 4 (15)
Asian 1 (10) 0 0 1 (4)
Multi-racial 1 (10) 0 0 1 (4)
Ethnicity
Hispanic or Latino 1 (10) 0 3 (21) 4 (15)
BMI, kg/m2 17.1 ± 1.8 21.0 ± 5.8 16.5 ± 1.3 17.1 ± 2.2
HCV genotype/subtype
GT1a 10 (100) 2 (100) 14 (100) 26 (100)
HCV RNA, log10 IU/mL 6.1 ± 0.8 5.6 ± 0.4 5.6 ± 0.5 5.8 ± 0.7
C 800,000 IU/mL 7 (70) 0 4 (29) 11 (42)
IL28B genotype, non-CCb 5 (50) 2 (100) 11 (79) 18 (69)
Fibrosis stagec
F0–F1 8 (80) 1 (50) 13 (93) 22 (85)
F2 2 (20) 1 (50) 0 3 (12)
F3 0 0 1 (7) 1 (4)
Data are n (%) or mean ± SD unless stated otherwise
BMI body mass index, IL28B interleukin 28B, ITT intention-to-treat, SD standard deviation
a There was 1 patient in the 15–29 kg group. Baseline characteristics were combined to protect patient identity
b Single nucleotide polymorphism = RS12979860
c F0–F1 liver biopsy score 0 or 1, Ishak score 1–2, FibroScanTM\ 8.8 kPa or FibroTestTM\ 0.49; F2 liver biopsy score 2,
Ishak score 3, FibroScan 8.8 to\ 9.6 kPa, or FibroTest 0.49 to\ 0.59; F3 liver biopsy score 3, Ishak score 4, FibroScan 9.6
to\ 14.6 kPa, or FibroTest 0.59 to\ 0.75
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and clinical laboratory findings (up to post-
treatment Week 4), along with a symptom-di-
rected physical examination when indicated.
All AEs that occurred between the first dose of
study treatment and 30 days after the last dose
were recorded and coded according to the
Medical Dictionary for Regulatory Activities
(MedDRA MSSO, McLean, VA, USA) System
Organ Class and preferred term (v.21.0). The
relatedness of AEs to DAA or RBV treatment and
the severity of AEs [according to the National
Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAE) criteria] were
assessed by the investigator.
The following growth and development
endpoints were measured through post-treat-
ment Week 24: growth rate at each post-base-
line visit (defined as change in height divided
by change in age from the previous visit), height
z score, waist circumference, and Tanner
staging.
Pharmacokinetic Assessments
Blood samples were collected for intensive
pharmacokinetic analysis as described in S2.
Acceptability of Pediatric Mini-Tablet
Formulations
The parents or guardians of the participants
were asked to complete acceptability question-
naires at Week 2 and Week 12, to provide
feedback on the acceptability of the mini-tablet
formulations. They were asked about their
overall impression of the formulations and their
administration via a dosing vehicle, including
time taken to administer, volume of dosing
vehicle, palatability, and convenience.
Statistical Analysis
All data were analyzed using the SAS software
package (SAS Institute, Cary, NC, USA). For
Fig. 1 SVR12 rates by age and weight group following
treatment with OBV, PTV, ritonavir, and DSV mini-tablet
formulations plus RBV solution for 12 weeks (ITT
population). Error bars represent 95% confidence inter-
vals, which were calculated using the Wilson’s score
method. Backward imputation, where applicable, was used
to impute missing data. After applying backward imputa-
tion, if there was still no value in the window but there was
an HCV RNA value from a local laboratory present, then
it was imputed into the SVR window; otherwise, patients
with missing data were counted as virologic failures. DSV
dasabuvir, HCV hepatitis C virus, ITT intention-to-treat,
OBV ombitasvir, PTV paritaprevir, RBV ribavirin, RNA
ribonucleic acid, SVR12 sustained virologic response
([ 90%) at post-treatment Week 12
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analysis of the primary and secondary efficacy
endpoints, the percentages of children who
achieved SVR12 were calculated with two-sided
95% confidence intervals (CIs) in the intention-
to-treat (ITT) population, which comprised all
patients who had received at least one dose of
study treatment. The 95% CIs were calculated
using the normal approximation to the bino-
mial distribution if the rate was not 0% or
100%; otherwise, the Wilson’s score method
was used. Backward imputation was used to
impute missing data for SVR endpoints only. If
there was no value in the window, but there was
an HCV RNA value after the window, it was
imputed into the SVR window; otherwise, par-
ticipants were considered failures.
Safety was analyzed in all children who
received at least one dose of study treatment
(safety population) and summarized
descriptively.
Aplanned sample sizeof 12participants ineach
of the age groups 3–8 years and 9–11 years was
considered adequate to characterize the pharma-
cokinetics of the mini-tablet formulations.
RESULTS
Patients
Between July and November 2017, 26 children
(aged 3–11 years) with chronic HCV GT1 infec-
tion, who were HCV treatment–naı̈ve and non-
cirrhotic, were enrolled into the study in the
United States. Demographics and clinical char-
acteristics at baseline are presented in Table 2.
In total, 12 children were aged 9–11 years; 1
weighed 15–29 kg, 9 weighed 30–44 kg, and 2
weighed C 45 kg. Fourteen children were aged
3–8 years, all of whom weighed 15–29 kg. All
children were infected with HCV GT1a; there-
fore, all received OBV, PTV, ritonavir, and DSV
mini-tablets plus RBV solution for 12 weeks.
Baseline fibrosis stage by historical liver biopsy
within 24 months before screening or by
FibroTest was F0–F1 in 22 children, F2 in 3
children (all aged 9–11 years), and F3 in 1 child
(aged 3–8 years).
Treatment adherence was C 90% for all
mini-tablets and the RBV solution. The median
duration of treatment was 85 days (range 9–-
92 days). One 3-year-old child was discontinued
from study treatment after 9 days due to non-
adherence (difficulty taking study drugs), but
remained in the study for post-treatment fol-
low-up. The administration of study treatment




Any AE 21 (81)
Any AE possibly related to DAAsa 10 (38)
Any AE possibly related to RBVa 10 (38)
Any AE leading to discontinuation of study
drug
0
Any serious AE 1 (4)












Hemoglobin\ 11.5 g/dL 3/25 (12)
Alkaline phosphatase[ 1.5 9 ULN 0
Total bilirubin C 2 9 ULN 3/25 (12)
Alanine aminotransferase post-
nadir[ 5 9 ULN
0
AE adverse event, DAAs direct-acting antivirals, RBV rib-
avirin, ULN upper limit of normal
Data are n (%)
a As assessed by investigator
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was interrupted for 2 days in one 4-year-old
child owing to a non–treatment-related AE
(Grade 2 viral gastroenteritis); the patient
completed the full 12-week treatment course
after the study drugs were resumed. There were
no dose modifications to the DAA treatment;
the RBV dose was modified in one 10-year-old
child owing to decreased hemoglobin level and
hyperbilirubinemia. For all patients with docu-
mented hemoglobin values at baseline and at
the final treatment visit, the mean change in
hemoglobin from baseline was - 0.32 g/dL ±
0.73. The mean change in hemoglobin from
baseline at the final post-treatment visit was
- 0.05 g/dL ± 0.73. All children completed the
post-treatment Week 12 visit and were entered
into long-term follow-up.
Efficacy
All but one child treated with OBV, PTV,
ritonavir, and DSV mini-tablets plus RBV solu-
tion achieved the primary endpoint; the SVR12
rate was 96.2% (25/26; 95% CI 81.1–99.3; ITT
analysis). SVR12 rates by age and weight groups
are shown in Fig. 1. The single child who failed
to achieve SVR12 was aged 3 years, weighed
18 kg, received study drugs for only 9 days, and
had non-virologic failure. In the modified ITT
(mITT) analysis, this patient was excluded and
the mITT SVR12 rate was 100% (25/25). No
virologic failures occurred before or after post-
treatment Week 12. Of the 15 children who
completed treatment and had elevated ALT
concentrations at baseline, 14 [93.3%; 100% (6/
6) aged 9–11 years; 88.9% (8/9) aged 3–8 years]
had ALT normalization during treatment (ALT
B ULN at final treatment visit).
Safety
Overall, 21 children (81%; 21/26) experienced
AEs during the study (Table 3). The most com-
mon AEs were headache, fatigue, pyrexia, vom-
iting, cough, nausea, upper respiratory tract
infection, diarrhea, and nasopharyngitis. No AEs
led to discontinuation of study treatment, and
no deaths occurred during the treatment period.
Three children aged 9–11 years hadAEs thatwere
CTCAEGrade C 3 in severity (MedDRApreferred
terms: leukopenia and neutropenia; hyper-
bilirubinemia; depression), none of which were
considered possibly related to DAAs as deemed
by the study investigator. Serious AEs of
leukopenia (lymphocytes 0.76 9 103/lL) and
neutropenia (0.35 9 103/lL) occurred onDay 31
in a 9-year-old boy andwere assessed to be related
to respiratory illness. No AEs that were CTCAE
Grade C 3 occurred in children aged 3–8 years.
Clinically significant post-baseline labora-
tory abnormalities were infrequent (Table 3).
There were no reports of patients with ALT of
CTCAE Grade C 3 (S3). At the final treatment
visit, the mean change from baseline for ALT
values was - 30.2 U/L ± 22.59. The mean
change from baseline at the final post-treatment
visit was - 29.9 U/L ± 22.06. Vital sign mea-
surements and growth and development out-
comes were not affected by study treatment
(data not shown).
Pharmacokinetics
The present study used three different pediatric
dose levels based on body weight (Table 1). The
doses were selected, based on modeling, to
achieve therapeutic exposures that have been
demonstrated to be safe and efficacious in adult
patients. The actual drug exposures achieved
were generally comparable across the three
weight groups with overlapping ranges (S4). The
individual maximum plasma concentrations
(Cmax) and area under the plasma concentra-
tion–time curve (AUC) values in the present
study were also compared with individual values
from historical data from three studies among
adult HCV-infected patients who had intensive
pharmacokinetic assessment (n = 10–22 per
study [16] and AbbVie Data on File). Individual
Cmax and AUC values from the three weight
groups of pediatric patients overlapped with
those from adult patients, in whom DAAs have
been shown to be safe and efficacious (S5).
Acceptability
Parental responses to the acceptability ques-
tionnaire were available for 25 (96%) children at
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Week 12: 80% of parents required\15 min to
prepare and administer the study treatment;
approximately half of the parents (52%) suc-
cessfully administered the study treatment with
only 1–2 teaspoons of soft food; 76% of parents
documented that their child had no difficulty
swallowing the study treatment; and 60%
experienced no patient resistance when
administering it.
DISCUSSION
HCV infection in children is characterized by
higher rates of spontaneous viral clearance than
seen in adults. In those children who develop
chronic HCV infection, the progression of liver
disease tends to be slow and mild and is often
accompanied by elevated levels of aminotrans-
ferases, although this is not generally an indi-
cation of disease severity. However, the risk of
fibrosis increases with age and with factors
including obesity and HBV or HIV coinfection
[1]. As a result of their availability, efficacy, and
tolerability, IFN-free DAAs are now recom-
mended to treat adolescents (aged C 12 years or
weighing C 45 kg) with chronic HCV infection,
as well as for children aged[3 years with
chronic HCV infection [3, 7, 8, 10, 11].
To date, three clinical trials have reported
the use of IFN-free DAAs in children
aged\12 years. Two Phase 2 studies evaluated
the IFN-free fixed-dose combination of ledi-
pasvir/sofosbuvir ± RBV in children with or
without prior IFN use [10, 17]. One study
involved 92 children aged 6–11 years with
chronic HCV GT1, GT3, or GT4 infection, with
or without cirrhosis [17]. The other study
involved 34 children aged 3–5 years with
chronic HCV GT1 or GT4 infection, without
cirrhosis or with unknown cirrhosis status [10].
In the 6- to 11-year age group, the overall SVR12
rate was 99% (91/92; 95% CI 94–100). The sin-
gle child who failed to achieve SVR12 had a
virologic relapse at post-treatment Week 4. In
the 3- to 5-year age group, 97% of children
achieved SVR12 (33/34; 95% CI 85–100); the
only child who did not achieve SVR12 discon-
tinued treatment after 5 days because of ‘ab-
normal drug taste’. In both studies [10, 17],
ledipasvir/sofosbuvir demonstrated a good tol-
erability profile, consistent with that in adoles-
cents. Another Phase 2 study evaluated
sofosbuvir and ribavirin in 54 children aged
3–11 years with chronic HCV GT2 or GT3
infection, with or without cirrhosis [11]. The
majority of patients were HCV treatment-naı̈ve
(53/54). Overall, 98% of children (53/54; 95%
CI 90–100) achieved SVR12. The one child who
did not achieve SVR12 discontinued treatment
after 3 days because of ‘abnormal drug taste’. In
this study [11], sofosbuvir and ribavirin therapy
was well tolerated, and the efficacy results were
comparable to those observed in adolescents
and treatment-naı̈ve adults.
The current study was conducted to assess
the pharmacokinetics, safety, and efficacy of
OBV, PTV, ritonavir, and DSV plus RBV for
12 weeks in children aged 3–11 years infected
with HCV GT1. The results suggest that mini-
tablet formulations of the study drugs are suit-
able and efficacious for chronic HCV GT1a
infection in pediatric patients. Furthermore,
short-term growth and development were
unaffected during the period of assessment.
The weight-based pediatric doses of the DAA
and ritonavir mini-tablets in children aged
3–11 years and adolescents provided generally
comparable exposures across the different
weight groups. The exposures in pediatric
patients across the weight groups were also
comparable to those in adults and adolescents
[15].
The new regimen reported in this study was
straightforward to prepare and administer for
the majority of parents, and few children had
difficulty swallowing the study treatment. There
were a few limitations to the study. There were
only a small number of patients enrolled and
patients with cirrhosis were not included in the
study population. However, the sample size and
cirrhosis status of enrolled patients is similar to
other studies evaluating pediatric formulations
[10, 11]. Other limitations include that the
study was open-label, non-randomized, and not
performed at multiple global sites. However, the
current study, as well as others reporting the use
of IFN-free treatment in children aged
3–11 years with HCV infection, provide valu-
able information on the efficacy and safety of
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several regimens, and support recommenda-
tions to use IFN-free treatments in children of
this age group.
CONCLUSIONS
The mini-tablet formulations of OBV, PTV,
ritonavir, and DSV plus RBV oral solution
demonstrated high SVR12 rates (96.2%) with-
out virologic failure in children aged 3–11 years
infected with HCV GT1a and without cirrhosis.
This current study adds to the evidence sup-
porting the efficacy, safety, and tolerability of
pediatric-friendly formulations of DAAs in
children as young as 3 years of age, and provides
hope of achieving cure and prevention of pro-
gression of HCV-related liver disease in
children.
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